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ABSTRACT 



Context. Magnesium abundances of cool stars with different metallicities are important for understanding the galactic chemical 
evolution. 

Aims. This study tests atomic data used in stellar magnesium abundance analyses. 

Methods. We evaluate non-local thermodynamical equilibrium (NLTE) line formation for Mg i using the most up-to-date theoretical 
and experimental atomic data available so far and check the Mg abundances from individual lines in the Sun, four well studied A-type 
stars, and three reference metal-poor stars. 

Results. With the adopted g/- values, NLTE abundances derived from the Mg 1 4703 A, 5528 A, and Mg ib lines are consistent within 
0.05 dex for each A-type star. The same four Mg i lines in the solar spectrum give consistent NLTE abundances at log N^g/N^ = -4.45, 
when correcting van der Waals damping constants inferred from the perturbation theory. Inelastic Mg+H collisions as treated by 
Barklem, Belyaev, Spielfiedel, Guitou, and Feautrier serve as efficient thermalizing process for the statistical equilibrium of Mg i in 
the atmospheres of metal-poor stars. The use of Mg+H collision data improves Mg abundance determinations for HD 84937 and 
HD 122563, though does not remove completely the differences between different lines. 

Key words. Atomic data - Atomic processes - Line: formation - Sun: abundances - Stars: abundances - Stars: atmospheres 
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■ Magnesium plays an important role in studies of cool stars. It 
' affects atmospheric structure through donation of free electrons 
, and significant contribution of Mg i photoionization to the ultra- 
violet (UV) opacity. Magnesium is a key element for studing 

, the history of a-process nucleosynthesis in the Universe. The 

■ Mg/Fe abundance ratio of metal-poor (MP) stars carries on an 
' information on the initial mass function and star formation rate 

in our Galax y, dwarf galaxies of the Local Group, and distant 
galaxies (see iTolstov et al.l l2009l for references). Magnesium 
I is one of the best observed elements in A to late type stars, 
. though it is represented by only few lines of neutral atoms in 
' the visual spectral range. The Mgib lines at 5167, 5172, and 
. 5183 A can be measured over a wide range of metallicity frorn 
' super-solar values down to [Fe/Hfl = -5.5 dFrebel et al.ll2005h 
.' and over a wide ra nge of effective tempe rature from 3000 K up 
to 12000-13000 K dPrzvbma et alJl200lh . In stellar atmospheres 
with Teff > 4500 K, neutral magnesium is a minority species, 
and its statistical equilibrium (SE) can easily deviate from ther- 
modynamic equilibrium due to deviations of the mean intensity 
of ionizing radiation from the Planck function. Since the end of 
the 1960s, the problem of non-local thermodynamic equilibrium 
(NLTE) line formation for Mg i in stellar atmospheres was 
conside red in many studies . The model atoms of Mgi were cre - 
ated by lAthav & Canfieldl (Il969h . iLemke & Holweged (Il987h . 



Mauasetal. (1988h. GisasI (1988b. ICarlsson et aL (1992b. 


Mashonkina et alj (|1996|). IZhaoetal 


(11998b. iGratton et all 


(1999), Idiart & Thevenin (|2000|). 


Przvbilla et al.1 (2001b. 



iMishenina et alJ (l2004 . lMerle et all (1201 lb 
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' In the classical notation, where [X/H] = log(A'x/A'H).«or 
log(A'x/A'H)s™. 



This study was motivated b y recent det ailed quantum me- 
chanical calculations of Barklem et al. I (|20T1 hereafter, BBSGF) 
for inelastic Mg+H collisions. The role of inelastic collisions 
with neutral hydrogen atoms in establishing the SE of atoms in 
cool stars is debated for decades. Steenbock & Holwegeii (119841) 
implemented the classical IPrawin (11968111969b formula to cal- 
culate H I collision rates, and it suggests that their influence is 
comparable to electron impacts. Till recent time, laboratory mea- 
surements and/or detailed quantum mechanical calculations of 
colli sions with Hi atoms were only available for Nai and Lit 
(see iBarklem et all 1201 ll for references). Based on these data, 
the Drawin's formalism has been criticized for not providing a 
realistic description of the physics involved and overestimating 
the collision rates. Interestingly, spectroscopic studies of Nai 
also suggest that the Drawin's formula str ongly overestimates 
the N a+H collision rates. For example, lAlIende Prieto et all 
(|2004|) reproduced the center-to-limb variation of the solar Na i 
6160A line with pure electronic collisions. At the same time, the 
need for a thermalizing process not involving electrons in the at- 
mospheres of, in particular, very metal-poor s tars, was indicated 
by m any NLTE line-formation studies (see iMashonkina et al.l 
1201 iL and references therein). 

The main goal of this paper is to investigate how the use of 
recent data of BBSGF on Mg+H collisions influences the NLTE 
results for Mg i. We started from analysis of the solar Mg i lines. 
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for which the departures from LTE are small and the derived 
abundances are not influenced by H i collision treatment. It was 
found that the two lines Mg i 4703 A and Mg i 5528 A give sig- 
nificantly lower abundance compared with that from the Mg ib 
lines and also compared with the meteoritic value. To understand 
the source of discrepancies and to separate effects of oscillator 
strengths and van der Waals broadening, we moved to the hotter 
A-type stars. The paper is organized as follows. All our results 
are based on the NLTE line formation for Mg i. The model atom 
of magnesium and the used atomic data are described in Sect.|2] 
In Sect.[3j we derive abundances from individual Mg i lines in 
the solar spectrum and in the spectra of four well studied A-type 
stars. Section|4]investigates the effect of Mg+H collisions on the 
SE of magnesium and NLTE abundances for the two very metal- 
poor ([Fe/H] < -2, VMP) stars. We compare the NLTE results 
from calculations using Mg-i-H collision data of BBSGF and us- 
ing the classical Drawinian rates. The NLTE abundance correc- 
tions are presented for lines of Mg i in the grid of metal-poor 
model atmospheres. Our conclusions are given in Sect.|5] 

2. Method of NLTE calculations for magnesium 

This study uses a comprehensive model atom that includes 85 
levels of Mg i, 2 levels of Mg ii, and the ground stat e of Mg in. 
For M g I, we rely on the model atom produced by IZhao et all 
(Il998l) . who carefully investigated atomic data on the energy 
levels, transition probabilities, and photoionization cross sec- 
tions. In this study, the calculation of collisional rates was up- 
dated. For elect ron-im pact excitation, we used rate coefficients 
ofjMauas et al. ( 1988), where available, and the same recipes as 
in lZhao et aL (il998i) for the remaining transi tions. Ionizatio n by 
electronic collisions is calculated from the ISeatonI (1 19621) for- 
mula with a mean Gaunt factor set equal to ^ = 0. 1 for Mg i and 
to 0.2 for Mg II. For H i impact excitations and charge transfer 
processes Mgi + Hi Mgii + H , rate coefficients were taken 
from detailed quantum mechanical calculations of BBSGF. 

Singly ionized magnesium is represented in our model atom 
by the two levels 3s -S and 3p-P°. Their energies and gf- 
value of t he resonance transitio n were taken from the NIST 
databas^ jRalchenko et al.ll2008h . Photoionization is treated by 
utilizing Opacity Project cross-sections as available through the 
TOPBASE databas^l 

In order to solve the coupled radiative transfer and statistical 
equilibriu m equations, we used a re vised version of the DETAIL 
pr ogram (iButler & Giddingslll985b . The update was described 
bv lPrzvbiUa et al.1 (1201 lb . 

Calculations were performed with plane-parallel (ID), LTE, 
and blanketed model atmospheres computed for giv en stellar pa- 
ramete rs. These are the MAFAGS-OS models by iGrupp et all 
20091) for the Sun and VMP stars, the LLMODELS models 



Table 1. Mgi fine data. 



Shulvak etal] 120041) by D. Shulyak for the three A-type stars. 



and the model by R. Kurucfl for Sirius. 

Table[T]lists the lines of Mg i used in abundance analyses for 
MP stars together with the adopted line data. Oscillator strengths 
were taken from laboratory measureme nts of Aldenius e t all 
(l2007h for the Mg ib Unes, calculations of lChang & Tangi (Il990h 
for Mgi 4703 A and 5528 A, and calculations of Tachiev & 
Froese Fischer for Mgi 4571 A as presented in the NIST 
database. An accuracy of predicted ^/-values can only be 
estimated for the Mgib lines, where the difference between 



A 

(A) 




log,?/ 


log r4/A'e 


logTe/A'H 


(eV) 




(rad/s-cm') 


(rad/s-cm') 


4571.10 


0.00 


-5.62' 


-6.46 


-7.77 


4702.99 


4.33 


-0.44^ 


^.17 


-6.69 


5528.41 


4.33 


-0.50' 


^.63 


-6.98 


5172.68 


2.71 


-0.45' 


-5.43 


-7.27 


5183.60 


2.71 


-0.24' 


-5.43 


-7.27 



r4 and Fe correspond to 10000 K. 
Notes. 'NIST; ^ Chang & Tang (1990) 



' Aldenius et al. (2007 



^ [http : //www.nist . gov/pml/data/asd. c fm| 

' http : //cdsweb . u-strasbg . £r/ topbase/xsections . html 

"* |http : //kurucz . harvard . edu/star s/SIRIUS/ 1 



calculations o f Chang & Tand d 19901) and measurements of 
lAldenius et al ] (120071) amounts to 0.06 dex. The van der Waals 
broadening constants Fe were computed with cross-sec tions 
and velocity parameters from lAnstee & O'Maral (Il995l ) and 
'Ba rklem & O'Maral (Il997h . Hereafter, these papers by Anstee, 
Barklem, and O'Mara are referred to as the ABO theory. The 
quadratic Stark effect broadening constants r4 were taken from 
iDimitriievic & Sahal-BrechotI (|1996'), except for Mg i 4571 A, 
wiffi F4 from ffie VALD database (Kupka et aLil999i) . 



3. Mg I lines in the Sun and A-type stars 

In the galactic chemical evolution studies, stellar sample cov- 
ers, as a rule, a range of metallicities of more than 3 dex. The 
lines Mg i 4703 and 5528 A are favorites for abundance deter- 
minations of mildly MP ([Fe/H] > -2) stars, however, these 
lines cannot be measured in hyper metal-poor stars, with [Fe/H] 
< -4.5, where one relies on the Mg ib lines. One needs, there- 
fore, to prove that the use of different Mg i lines does not produce 
a systematic shift in derived abundance between various metal- 
licity stars. In the beginning, we checked whether the lines listed 
in Table [T] give consistent abundances for the Sun, when em- 
ploying the most up-to-date theoretical and experimental atomic 
data available so far. Observed solar spectrum was taken from 
the Kitt Peak Solar Flux Atlas (Kurucz etal. 1984). We used 
the MAFAGS-OS solar model atmosphere with Teff/log g/[Fe/H] 
- 5780/4.44/0. Microturbulence velocity was fixed at Vmic = 
0.9 kms Element abundances from individual lines w ere de- 
termined from line-profile fitting using the code SIU (iReetzl 
ll991i) . The obtained results are presented in Table|2] We find 
that (i) the NLTE effects are minor for each investigated line, 
(ii) abundances derived from the Mgib and Mgi 4571 A lines 
are consistent with the meteoritic value logAMa 
(lLoddersetal.ll2009h . (iii) Mgi 4703 and 5528 A give signif- 
icantly lower abundances, by 0.24 dex and 0.15 dex, respec- 
tively. These discrepancies can arise from the uncertainty in ei- 
ther ^/-values or/and Te values. The influence of atmospheric 
in homogeneities o n derived solar Mg abundance was evaluated 
bv lAsplundl(l2005h as -0.03 dex. 

To test ^/-values, we choose the three well studied stars 
Sirius, Vega, and 21 Peg (TableO, where the Mgi lines are in- 
sensitive to Tft variation. The departures from LTE are expected 
to be larger in hot atmospheres than in the solar one. Thus, anal- 
ysis of the Mg I lines in the A-type stars tests also our NLTE 
method. For each star, its stellar parameters and observed equiv- 
alent widths indicated in Table|2] and used to determine element 
abundances were taken from a common source cited in Table|3] 
We find that, for each star, (i) the NLTE effects are minor for 



log A A = logNA/Nu- 
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Table 2. Magnesium NLTE and LTE abundances log AMg of the Sun and hot stars. 





A 

(A) 


Sun 


HD 32115 




Vega 






Sirius 






21 reg 




NLTE 


LTE 


NLTE 


LTE 




NLTE 


LTE 


EW 


NLTE 


LTE 


EW 


NLTE 


LTE 


Ms 


;i4571 


-^.38 


^.42 


























; 1 4703 


-4.69 


^.70 


-4.55 


-4.58 


31 


-4.93 


-4.94 


42 


-4.56 


-4.56 


17 


-4.48 


^.50 


Mi 


; I 5528 


^.60 


-4.61 


-4.52 


-4.54 


27 


-4.93 


-4.95 


39 


-4.54 


-4.53 


14 


-4.49 


^.51 


Mi 


;i5172 


^.45 


-4.46 


-4.44 


-4.44 


106 


^.88 


-4.74 


121 


-4.44 


-4.25 


70 


-4.40 


^.30 


Mi 


;i5183 


^.45 


-4.46 


-4.44 


-4.45 


124 


^.84 


-4.62 


134 


-4.44 


^.21 


86 


-4.35 


^.16 














A log A (Mg I 4703,5528 - 


;i 5172,5183) 














-0.19 




-0.10 






-0.07 






-0.11 






-0.11 





Note. ' Equivalent width, EW, in mA. 



Table 3. Stellar parameters of selected stars. 



Object 




logg 


[Fe/H] 


mic 


Ref. 


Sun 


5780 


4.44 





0.9 




HD 32115 


7250 


4.20 





2.3 


Ell 


HD 48915 (Sirius) 


9850 


4.30 


0.4 


1.8 


S13 


HD 84937 


6350 


4.09 


-2.08 


1.7 


Mil 


HD 103095 


5070 


4.69 


-1.35 


0.8 


M07 


HD 122563 


4600 


1.60 


-2.56 


1.95 


Mil 


HD 172167 (Vega) 


9550 


3.95 


-0.5 


2.0 


POl 


HD 209459 (21 Peg) 


10400 


3.55 


0.0 


0.5 


F09 



Note. ' Microturbulence velocity, in km s ' . 
Ref.: F09 = Fossat i et al. (2009) : Fll = Fossati et al. (2011) : 
M07 = Mashonkina et al. (2007) : Mil = Mashonkina et al. (201 1) 
POl = Przvbilla et al. (2001) : S13 = Sitnovaetal. (2013) . 




Mg I 4703 A and 5528 A, (ii) abundances from these two lines 
are consistent within 0.02 dex, in contrast to the solar case, (iii) 
departures from LTE for the Mg ib lines are significant, so that 
the NLTE abundance correction Anlte = log snlte - log elte 
ranges between -0.14 dex and -0.22 dex for different stars, (iv) 
the diff'erence in NLTE abundance between the Mg ib and Mg i 
4703, 5528 A lines is smaller compared to that for the Sun. It 
is worth noting that it does not exceed 0.05 dex, whe n applying 
^/-values from a single source (IChang & Tandl 19901) for all the 
investigated lines. 

Return to the Sun. The abundance discrepancies found be- 
tween diff'erent solar Unes of Mg i can only be owing to van der 
Waals damping treatment, and they are removed by reducing the 
T(,iABO) values by 0.3 dex and 0.2 dex for Mg 1 4703 A and Mg i 
5528 A, respectively. The use of such corrections was justified 
by analysis of the Mg i lines in the cool subdwarf star HD 103095 
(TableEJ. We obtained the difference (Mg 1 4703, 5528 - Mg ib) 
= -0.18 dex, when using r(,{ABO), and a significantly smaller 
value of +0.02 dex, with the above corrections. Table|2]presents 
Mg abundances of the late A-type star HD32115, where Mgi 
4703 A and 5528 A are less sensitive to Eg variation. Both lines 
give identical abundances at log AMg = -4.51, and the difference 
(Mg I 4703, 5528 - Mg ib) reduces to -0.07 dex, when employ- 
ing the corrected Fg-values. 




Fig. 1. Departure coefficients for selected levels of Mg i as a 
function of logrsooo in the model atmosphere 4600/1. 60/-2. 56 
from the calculations with pure electronic collisions (top panel) 
and with Hi collisions taken into account following BBSGF 
(bottom panel). Tick marks indicate the locations of line cen- 
ter optical depth unity for the Mg i fines 5172 A (1) and 5528 A 
(2). 



4. Influence of Mg+H collisions on the NLTE results 
for metal-poor stars 

The departures from LTE for Mg i grow toward lower metal- 
licity due to decreasing number of electrons donated by metals 
and decreasing collision rates and also due to decreasing the UV 
opacity resulting in increasing photoionization rates. The largest 
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uncertainties in NLTE results are caused by the uncertainties in 
collisional data. Here, we evaluate for the first time the effect 
of applying Mg+H collision data of Barklem et al. (2012) on the 
SE of magnesium in two well studied VMP stars. HD 84937 rep- 
resents the hot end of the stars that evolve on time scales compa- 
rable with the Galaxy lifetime. HD 122563, in contrast, is a cool 
giant (Table[3l). 

Figure[T]shows the departure coefficients bj = for 
the Mgi levels in the model atmosphere 4600/1. 60/-2. 56 from 
calculations with two different treatment of collisional rates. 
Here, nf^^^ and are the SE and thermal (Saha-Boltzmann) 
number densities, respectively. In the line-formation layers, the 
Mgi levels have less populations compared with the thermal 
ones, independent of collision treatment, however, the magni- 
tude of departures from LTE is significantly smaller in case of 
Mg+H collisions included compared with the case of pure elec- 
tronic collisions. The main NLTE mechanism is overionization 
caused by superthermal radiation of a non-local oiigin below the 
thresholds of the 3p and 3p 'P° levels. When taking Mg+H 
collisions into account, the charge transfer processes Mg i + H i 
<-» Mgii + H" establish close collisional coupling of excited 
terms of Mg i to the ground state of Mg ii and reduce their un- 
derpopulation. This effect is redistributed to the lower excitation 
levels via the bound-bound transitions, including the H i impact 
excitation and de-excitation processes. 

Table |4] presents abundances determined from individual 
lines of Mgi under different assumptions for line formation. 
It is worth noting that results for Mg i 4703 A and 5528 A do 
not depend on van der Waals damping treatment because both 
Unes are weak. For each star, NLTE leads to depleted absorp- 
tion in the lines at 4571, 4703, and 5528 A due to overall ove- 
rionization of Mg I in the atmospheric layers, where they form. 
As expected, the inclusion of Mg+H collisions leads to weaker 
NLTE effects compared with that for pure electronic collisions, 
such that Anlte reduces by 0.06-0.23 dex for different lines. 
For HD 122563, the NLTE effects have different sign for Mgi 
4703 A and Mg i 5528 A, resulting in a remarkable consistency 
of abundances derived from these two lines. 

Despite the low Mg abundance, the Mgib lines are rather 
strong in both VMP stars. For each line, its core forms in the 
layers, where departure coefficient of the upper level 4^ ^'S drops 
rapidly (Fig.lTJ due to photon escape from the Mg ib triplet lines 
themselves resulting in dropping the line source function below 
the Planck function and enhanced absorption in the line core 
(Fig.|2]i. NLTE leads to depleted absorption in the line wings due 
to overall overionization in deep atmospheric layers. However, 
this effect is predominated by NLTE strengthening for the line 
core, such that the obtained NLTE abundances are lower com- 
pared with the corresponding LTE ones and lower compared 
with those from the other lines, independent of collisional rate 
treatment. The difference Aloge(Mgi 4703,5528 - Mgib) is 
smaller in the case of Mg+H collisions included than in the 
case of pure electronic collisions and amounts to 0.09 dex and 
0.12 dex for HD 84937 and HD 122563, respectively. For LTE 
abundances from the Mg ib lines, we used EWs, because their 
profiles cannot be fitted at the LTE assumption. Despite the latter 
fact, the obtained LTE abundances are consistent within 0.05 dex 
with those from the other lines. 

Our calculations show that inelastic collisions with H i atoms 
as treated by BBSGF produce significant thermalization effect 
on the SE of Mgi in the atmospheres of VMP stars and im- 
prove Mg abundance determinations compared with the case of 
pure electronic collisions. To understand remaining discrepan- 



0.8 - 

X 

§ 0.6 - 




5172.2 5172.4 5172.6 5172.8 5173.0 5173.2 
Wavelength (A) 

Fig. 2. Best NLTE (continuous curve) and LTE (dotted curve) 
fits of the Mgi 5172 A line in HD 122563 (bold dots). The 
NLTE calculations were performed with log Am^ - -6.95, while 
the LTE ones with a 0.02 dex higher value. Mg+H collisions 
are treated following BBSGF. Our theoretical flux profiles were 
convolved with a profile that combines instrumental broaden- 
ing with a Gaussian profile and broadening by macroturbulence 
with a radial-tangential profile. The macroturbulence values are 
4.7 km s ' and 3.8 km s"' for the NLTE and LTE fits, respec- 
tively. 



cies between different lines, one, probably, needs to go beyond 
the ID analysis. The models based on hydrodynamical calcu- 
lations (3D models) show, on average, lower temperatures out- 
side log T5000 = - 1 compared with those in the corresponding 
ID model, for example, by 1 00 K at log T5000 = -2 in the 
4858/2.2/-3 model, according to lCoUet et all (l2007h . For VMP 
giants, these are exactly the layers where line core of the Mg ib 
lines forms. 

For most atoms, formalism of iDrawinl (119681 119691) is still 
widely applied to simulate an additional source of thermaliza- 
tion in the atmo spheres of coo l stars by parametrized Hi colli- 
sions. For Mg I, iBarklem et al.l (1201 2h compared in their Fig. 1 
the quantum scattering rate coefficients at T = 6000 K with the 
results of the Drawin formula for five common bound-bound 
transitions. The Drawin/BBSGF rate ratio is close to unity for 
the 3p^P° - 4i^S transition, but the Drawinian rates are one to 
four orders of magnitude larger for the remianing transitions. 
However, relatively large rates compared to those for excitation 
were obtained by BBSGF for the charge transfer processes. We 
find that they are larger compared to the Drawinian rates for ion- 
ization from the excited levels above 3/7 'P°, especially from the 
4i ' S state, where the difference is about four orders of magni- 
tude at r = 6000 K. It is worth noting that the Drawin/BBSGF 
rate ratios are only weakly sensitive to temperature variation. 

We employed the Drawinian rates scaled by a factor of Su = 
0. 1 to determine magnesium abundances of the investigated stars 
(Table nil. The changes in collisional rates result in different ef- 
fects for different lines in different stars. For example, the use of 
accurate Mg+H collision data and scaled Drawinian rates leads 
to very similar results for Mg i 4571, 4703, and 5528 A in the 
model 6350/4. 09/-2. 08. For the cool giant model, the departures 
from LTE are larger when applying the BBSGF rates. However, 
nowhere the difference between using these two recipes exceeds 
0.1 dex. This is smaller or similar to a line-to-line scatter for 
stellar abundance determinations including the present one. 
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Table 4. Magnesium LTE and NLTE abundances of HD 84937 and HD 122563 from calculations with different treatment of H i 
collisions. 



A 

(A) 






HD 84937 






HD 122563 




LTE 


pure e 


+H(bbsgf)' 


+H(D0.1)2 


LTE 


pure e 


+H(bbsgf) 


+H(D0.1) 


4571 


-6.38 


-6.24 


-6.30 


-6.33 


-6.80 


-6.60 


-6.67 


-6.77 


4703 


-6.36 


-6.15 


-6.30 


-6.29 


-6.86 


-6.59 


-6.82 


-6.84 


5528 


-6.34 


-6.15 


-6.30 


-6.27 


-6.77 


-6.61 


-6.83 


-6.76 


5172 


-6.35' 


-6.39 


-6.39 


-6.46 


-6.87' 


-6.76 


-6.95 


-6.96 


5183 


-6.343 


-6.39 


-6.39 


-6.46 


-6.87' 


-6.74 


-6.94 


-6.94 








Aloj 


;e(Mg 1 4703,5528 


-Mgi 


5172,5183) 








-0.01 


0.24 


0.09 


0.18 


0.05 


0.15 


0.12 


0.15 



Notes. ' Mg+H collisions following BBSGF; ^ Drawinian rates with 5h = 0. 1 ; from £W. 



Table 5. NLTE abundance corrections (dex) for lines of Mg i from calculations with Mg+H collision rates of BBSGF and with the 
Drawinian rates scaled by a factor of S'h = 0. 1 (do.i). 



Model 


3829 A 


5172A 


4571 A 


4703 A 


5528 A 


5711 A 




BBSGF 


DO.l 


BBSGF 


DO.I 


BBSGF 


DO.l 


BBSGF 


DO.l 


BBSGF 


DO.l 


BBSGF DO.l 


6000/4.0/- 1.0 


0.05 


0.02 


0.04 


0.02 


0.08 


0.05 


0.01 


0.04 


-0.03 


0.04 


0.04 0.07 


6000/4.0/-2.0 


0.04 


0.01 


0.02 


-0.04 


0.08 


0.04 


0.03 


0.06 


-0.02 


0.06 


0.03 0.05 


6000/4.0/-3.0 


0.08 


0.02 


0.05 


-0.04 






0.07 


0.07 


0.07 


0.08 




5811/4.0/-4.5 


0.22 


0.17 


0.17 


0.19 
















6180/3.7/-4.0 


0.25 


0.19 


0.26 


0.21 
















5000/2.0/- 1.0 


0.06 


0.05 


0.06 


0.05 


0.13 


0.13 


-0.07 


0.00 


-0.16 


-0.07 


-0.05 0.06 


5000/2.0/-2.0 


0.08 


0.04 


0.03 


0.00 


0.16 


0.10 


-0.02 


0.07 


-0.12 


0.03 


0.03 0.09 


5000/2.0/-3.0 


0.06 


0.01 


-0.06 


-0.10 


0.29 


0.11 


0.18 


0.16 


0.10 


0.16 




5100/2.2/-5.0 


0.40 


0.39 


0.34 


0.37 

















The NLTE calculations were performed for a small grid of 
model atmospheres with hydrogenic collisions taken into ac- 
count following BBSGF and Drawin ( 1968, 1969). The obtained 
NLTE corrections are presented in Table|5] Their inspection will 
help the user to decide whether the Mg abundances determined 
earUer using the Drawinian rates should be revised. This depends 
on which spectral lines were employed in analysis and what was 
the range of stellar parameters. 

5. Conclusions 

We summarize our findings. 

1. For each of four investigated A-type stars, the use 
of ^/-values of Chang & Tang (1990) provides consistent 
within 0.05 dex NLTE abundances from Mg i 4703 A, 5528 A, 
and Mgib. The difference between different lines increases 
up to 0.11 dex, whe n employing experimental ^/-values of 
lAldenius et"aD (l2007h for the Mg ib lines. 

2. We recommend to apply the corrections AlogFe = -0.3 
and -0.2 for Mg i 4703 A and 5528 A, respectively, to the ABO 
van der Waals damping constants, to remove the abundance dis- 
crepancy between different solar Mg i lines. 

3. Inelast i c col lisions with Hi atoms as treated by 
iBarklem et al.l (1201 2h serve as efficient thermalizing process for 
the SE of Mg I in the atmospheres of metal-poor stars. The use of 
new collisional data improves Mg abundance determinations for 
HD 84937 and HD 122563, though does not remove completely 
the difference in abundance between different lines. 
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